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(54) Diagnostic system for the fuel system of an internal combustion engine 


(57) A diagnostic system for a fuel system of an 
Internal combustion engine such as direct-injection 
gasoline engine monitors a pressure deviation of a 
actual fuel pressure sensed by a fuel pressure sensor 
from a desired fuel pressure in a feedback fuel pressure 
control, and thereby detects abnormality in the fuel sys- 
tem. When the pressure deviation continues to be out- 
side a normal range, a diagnostic controller commands 


engine operation in a homogeneous stoichiometric 
combustion mode, and monitors a feedback correction 
quantity in a feedback stoichiometric air fuel control dur- 
ing the engine operation in the homogeneous stoichio- 
metric combustion mode. The controller attributes the 
abnormality to the fuel pressure sensor if the feedback 
correction quantity of the air fuel ratio is fixed to an 
upper limit or a lower limit. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an internal 5 
combustion engine, and more specifically to a diagnos- 
tic system or method for a feedback fuel pressure con- 
trol system for an engine, such as a direct injection type 
engine or a lean burn engine 

[0002] Recently, tie technique of in-cylinder direct fuel io 
injection in a spark ignition engine such as a gasoline 
engine is under development to improve the fuel effi- 
ciency by selectively using stratified charge combustion 
in a partial toad region. In a conventional engine of a 
type injecting gasoline into the intake port, the air fuel is 
mixture is transported to the combustion chamber. By 
contrast, a direct injection type engine can avoid 
adverse influence of transportation (distance/velocity) 
lag of fuel, on transient driving performance, and emis- 
sion performance, 20 
[0003] A direct injection engine of one conventional 
example is equipped with a high pressure fuel pump for 
increasing the fuel pressure for efficient fuel atorriza- 
tion, and a fuel pressure sensor used for feedback-con- 
trolling the fuel pressure to a desired fuel pressure 25 
determined in accordance with engine operating condi- 
tions, (as disclosed in Japanese Utility Model Provi- 
sional (Kokai) Publication No. 5(1993)-69374; "TOYOTA 
CORONA PREMIO", New Model Manual. September 
1996, pages 1-59; or Japanese Patent Provisional so 
(Kbkai) Publication No. 5f1993)-321783), 

S UMMARY OF TH E INVENTION 

[0004] It is an object of the present invention to pro- 35 
vide diagnostic method and system capable of making 
accurate cfiagnosis on a fuel system for an internal com- 
bustion encpne. 

[0005] Specifically, the diagnostic method and system 
according to the present invention is arranged to dis- 40 
criminate various malfunctions beyond conventional 
detection of decisive failure such as wire disconnection 
or short-circuit in circuitry of a fuel pressure sensor and 
a driving solenoid for a fuel pump in a conventional diag- 
nostic system. 45 
[0006] According to the present invention, a diagnos- 
tic control method or system (or apparatus) for detecting 
malfunction in a fuel system for an internal combustion 
engine, comprises; 

50 

a constituent element for sensing an actual fuel 
pressure; 

a pressure controlling element of performing a 
feedback fuel pressure control to reduce a pressure 
deviation of tile sensed actual fuel pressure from a 55 
desired fuel pressure; 

an abnormality detecting element of detecting 
abnormality in the fuel system by monitoring the 


actual fuel pressure; 

a richer combustion mode effecting element of 
effecting a feedback air fuel ratio control in a richer 
combustion mode such as a homogeneous stoichi- 
ometric charge combustion mode if the abnormality 
is detected; and 

a diagnosing element of judging whether or not the 
abnormality is attributable to the process of fuel 
pressure sensing, by monitoring performance of the 
feedback air fuel control during the engine opera- 
tion in the richer combustion mode. 

[0007] This diagnostic control method or system can 
accurately detect malfunction in the fuel system by 
monitoring behavior in both the fuel pressure control 
system and the air fuel ratio control system, so that the 
system can readily protect the driveability against 
abnormal conditions and reduce the time required for 
repair 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0008] 

Rg. 1 is a schematic view showing an engine sys- 
tem according to one embodiment of the present 
invention. 

Fig. 2 is a flowchart of a feedback fuel pressure 
control routine performed by a control unit in the 
engine system of Fig. 1. 

Fig. 3 is a flowchart of a diagnosis routine per- 
formed by the control unit of Fig. 1 
Fig, 4 is a graph showing a characteristic of a fuel 
pressure sensor in the engine system of Fig. 1. 
Fig. 5 is a gaph showing a basic characteristic of a 
high pressure regulator in the engine system of Fig. 
1. 

Fig. 6 is a schematic view showing one practical 
example of an engine system according to the 
embodiment of the present invention. 
Rg, 7 is a block diagram showing a diagnostic con- 
trol system formed by the control unit shown in Rg. 
1. 

DETAILED DESCRIPTION OF THE INVENTION 

[0009] Fig. 1 shows an engine system according to 
one embodiment oi the present invention. Trie engine 
system comprises an internal combustion engine 1 as a 
main component and other components. In this exam- 
ple, the engine 1 is used as a prime mover for a vehicle. 
[0010] As shown in Fig. 1 , the engine 1 is provided, for 
each cylinder, with a solenoid -operated fuel injector 2 
for injecting fuel directly into a combustion chamber 3, at 
least one intake port 4 having an intake vafve 5, a spark 
plug 6, and at least one exhaust port 6 having an 
exhaust valve 7. 

[001 1] In this example, the engine 1 is a direct injec- 
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ton type spark ignition internal combustion engine. The 
fuel injector 2 produces an air fuel mixture by injecting 
fuel into fresh intake air introduced into the combustion 
chamber 3 through the Intake port 4 and the intake valve 
5, and the spark plug 6 ignites the air fuel mixture by 
means of an electric spark. Exhaust gas is carried away 
from the combustion chamber 3 through the exhaust 
port 8 and the exhaust valve 7, and discharged to the 
outside through a catalytic converter and a muffler. 

[0012] In this example, a combustion mode of the 
engine 1 is changed over between a stratified charge 
combustion mode and a homogeneous charge combus- 
tion mode. En the stratified combustion mode, the injec- 
tor 2 injects fuel during the compression stroke so as to 
produce a stratified combustible mixture closely around 
the spark plug 6, In the homogeneous combustion 
mode, fuel is injected during the intake stroke so as to 
produce a homogeneous air fuel mixture. This engine 
system changes over the combustion mode between 
the stratified combustion mode and the homogeneous 
combustion mode in accordance with one or more 
engine operating conditions. 
[0013] A low pressure fuel pump (or first fuel pump) 1 0 
draws fuel from a fuel tank 9 and supplies fuel under rel- 
atively low pressure to a high pressure fuel pump (or 
second fuel pump) 1 4 through a fuel filter 1 2 disposed in 
a lower pressure fuel passage at a position dividing the 
lower pressure fuel passage into an upstream section 
1 1 A extending from the first pump 10 to the filter 12, and 
an upstream section 1 1B extending from the filter 12 to 
the high pressure fuel pump 14, A low pressure regula- 
tor 13 is disposed in a fuel passage branching off from 
the downstream passage section 1 1B and extending to 
the fuel tank 9. By the low pressure regulator 13, the 
pressure of the fuel supplied to the high pressure fuel 
pump 14 is held at a predetermined constant low pres- 
sure. 

[0014] The high pressure fuel pump 14 of this exam- 
ple is driven by a crank shaft or a cam shaft of the 
engine 1 directly or through gearing or a belt The high 
pressure fuel pump 14 receives the lower pressure fuel 
through the fuel passage section 1 1 B from the low pres- 
sure pump 10. and increases the fuel pressure to a high 
pressure level A high pressure regulator 16 controls the 
pressure of the fuel discharged into a high pressure fuel 
passage 15 from the high pressure pump 14, and 
thereby serves as a controlling element of a fuel pres- 
sure control system for controlling the fuel pressure 
supplied to the fuel injector 2. In this example, the high 
pressure regulator 16 is combined with the high pres- 
sure pump 14 into a single unit. The high pressure fuel 
passage 15 supplies the fuel under the controlled pres- 
sure to each fuel injector 2. The high pressure regulator 
16 of this example has a duty solenoid. This fuel system 
can control the fuel pressure supplied to the injectors 2 
to a desired fuel pressure by controlling a duty ratio of 
the duty solenoid in a manner of a duty factor control 
system. 


[0015] A control unit 17 controls each injector 2 by 
sending a pulse signal having a controlled pulse width 
determined in accordance with one or more engine 
operating conditions. In response to the pulse signal, 
s each injector 2 injects the fuel of the pressure controlled 
at the desired fuel pressure, into the corresponding 
combustion chamber 3 at the fuel injection timing. The 
control unit 17 of this example includes, as a main com- 
ponent, a rmcroconputer. 

10 [0016] Input information needed by the control unit 1 7 
is collected by an input section. The input section com- 
prises input devices for collecting input information by 
sensing various operating conditions of the engine and 
the vehicle or by receiving driver's command. From the 

15 input section* the control unit 17 receives information for 
various control operations. In the example shown in Fig. 
1 , the input section comprises a crank angle sensor 1 8 
lor sensing the crank angle of the engine 1 , an air flow 
meter (or air flow sensor) 19 for sensing an intake air 

20 quantity, a fuel pressure sensor 20, and an air fuel ratio 
sensor [or oxygen sensor) 21 disposed on the down- 
stream side of the exhaust manifold, for sensing the 
oxygen content in the exhaust gas to determine an 
actual air fuel ratia The crank angle sensor 18 is used 

25 tor sensing the engine speed for the fuel injection con- 
trol. The crank angle sensor 1 8 is further used for sens- 
ing the revolution speed of the high pressure fuel pump 
14. The fuel pressure sensor 20 senses the fuel pres- 
sure in the high pressure fuel passage 15 extending 

so from the high pressure pump 1 4 to the injectors 2. Sig- 
nals produces by these sensors are delivered to the 
control unit 17. 

[0017] In accordance with the input information, the 
control unit 1 7 controls the fuel injection quantity by con- 
as trolling the pulse width of the fuel injection pulse signal 
to each injector 2, and further controls the fuel injection 
timing. 

[0018] The control unit 1 7 further control the fuel pres- 
sure as shown in Fig. 3. 
40 [0019] Fig. 2 shows a feedback fuel pressure control 
routine 

[0020] At a step 81, the control unit 17 calculates a 
desired target fuel pressure tFP in accordance with the 
engine speed Ne and an engine operating parameter, 
45 such as a fuel injection quantity Tl, indicative of an 
engine toad. 

[0021] At a step §2 t the control unit 17 reads an actual 
fuel pressure FP sensed by the fuel pressure sensor 20. 
[0022] At a step S3, the control unit 17 determines a 

so pressure deviation AP of the actual fuel pressure FP 
from the desired fuel pressure tFP, and further calcu- 
lates, from the pressure deviation, a feedback pressure 
control quantity according to a predetermined control 
law (or control action) such as a PJD control law. 

55 [0023] At a step S4, the control unit 17 produces a fuel 
pressure control signal representing the feedback fuel 
pressure control quantity, and sends the fuel pressure 
control signal to the duty solenoid in the high pressure 
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regulator 16 of the high pressure fuel pump 14. The dis- 
charge fuel quantity is thus controlled in accordance 
with the feedback pressure control quantity* In this 
example, a feedback fuel pressure control system Is 
formed by the control unit 1 7, the fuel pressure sensor 
20 and the high pressure regulator 16 at least. 

[0024] Fig. 3 shows a diagnosis routine for detecting 
abnormal conditions in the fuel system. 
[0025] At a step S1 1 , the control unit 1 7 determines 
whether the pressure deviation AP of the actual fuel 
pressure FP sensed by the fuel pressure sensor 20 
from the desired fuel pressure 1FP is equal to or greater 
than a predetermined pressure deviation value APa, 
[0026] When Die pressure deviation is equal to or 
greater than the predetermined deviation value APa, 
then the control unit 1 7 proceeds from the step S1 1 to a 
step S12. At the step S12, the control unit determined 
whether tils condition in which the pressure deviation is 
equal to or greater than the predetermined deviation 
value APa continues for a time duration equal to or 
longer than a predetermined time length Tb. 
[0027] If the duration of this condition of the excessive 
pressure deviation is equal to or longer than die prede- 
termined time length Tb, then the control unit 17 judges 
that mere exists abnormality in the fuel system, and pro- 
ceeds from the step S1 2 to a step S1 3. 
[0028] At the step S1 3, the control unit 1 7 commands 
an engine operation in a homogeneous stoichiometric 
combustion mode in which the air fuel ratio is feedback- 
controlled to a theoretical air fuel ratio in accordance 
with the air fuel ratio sensed by the air fuel ratio sensor 
16. Therefore, the engine 1 is operated in the homoge- 
neous stoichiometric combustion mode. If the engine 
operation before the step S13 is in the stratified com- 
bustion mode, for example, the control unit 17 forcibly 
changes over the combustion mode, at the step 313, 
from the stratified combustion mode to the homogene- 
ous stoichiometric combustion mode. The control sys- 
tem according to this embodiment effects the 
homogeneous stoichiometric combustion mode in order 
to locate abnormal conditions as mentioned later, and 
further in order to maintain stable drrveability. The strat- 
ified charge combustion is readily affected by abnormal- 
ity in the fuel system whereas the homogeneous 
combustion can provide more stable combustion. 
[0029] At a step S1 4, the control unit 1 7 determines a 
feedback correction quantity a of the feedback air fuel 
ratio control in the homogeneous stoichiometric com- 
bustion mode. The feedback air fuel ratio correction 
quantity a is determined according to a predetermined 
control law (or control action) such as I control law or PI 
control law. 

[0030] At a step S15, the control unit 17 determines 
whether the feedback air fuel ratio correction quantity ct 
is in a condition sticking to an upper limit value (1 25 %, 
tor example) or a lower limit value (75 %, tor example) 
on either side of a reference value (100 %) correspond- 
ing to the theoretical air fuel ratia 


[0031] If the feedback correction quantity a is equal to 
the upper or lower limit value, the control unit 17 pro- 
ceeds to a step S1 6, and judges that there is a malfunc- 
tion in the pressure sensor 20, When the sensor signal 

5 produced by the fuel pressure sensor 20 is abnormal* 
the fuel injection quantity calculated from the abnormal 
sensor signal is not correct, and the control system is 
unable to control the fuel injection quantity properly 
Therefore, the control system increases or decreases 

10 tiie feedback correction quantity a in a direction to cor- 
rect the error. As a result, the feedback correction quan- 
tity a sticks to, or is held persistently equal to, the upper 
or lower limit. 

[0032] When the feedback correction quantity a oscil- 

15 lates on both sides of a middle value without sticking to 
the upper or lower limit the control unit 17 judges that 
there Is no abnormality in the fuel pressure sensor 20, 
and that the feedback airfueJ control is normal, and pro- 
ceeds from the step Si 5 to a step Si 7 to judges that the 

20 abnormality is attributable to a malfunction in the high 
pressure regulator 1 6, or bad contact of a connector in 
wiring harness or some other causes. 
[0033] Abnormality in the fuel pressure control system 
affects control performance of the air fuel ratio control 

25 system. By examining this relationship, this control sys- 
tem presumes that the fuel pressure sensor is stat func- 
tioning properly if the feedback stoichiometric air fuel 
ratio control is still in an allowable range. 
[0034] This engine system can maintain the stability of 

30 the combustion by changing over the combustion mode 
from the stratified charge combustion mode, a homoge- 
neous lean combustion mode or some other lean com- 
bustion mode, to the homogeneous stoichiometric 
combustion mode when an abnormal condition Is 

35 detected in the fuel system. Moreover, the control sys- 
tem can discriminate a malfunction in the fuel pressure 
sensor 20 from a malfunction not attributable to the fuel 
pressure sensor 20 by monitoring the feedback air fuel 
ratio correction quantity in the homogeneous stoichio* 

40 metric mode. Therefore, this system can reduce the 
time required for repair. 

[0035] The predetermined deviation value APa used in 
the step S1 1 to determine whether the actual fuel pres- 
sure FP is settled down to the desired fuel pressure tFP 

45 may be varied in accordance with the desired fuel pres- 
sure tFR When the desired fuel pressure is high, tie dif- 
ferential pressure (or pressure deviation) of the actual 
fuel pressure from the desired fuel pressure tends to 
increase. Therefore, the predetermined deviation value 

so APa is increased when the desired fuel pressure is 
higher, and the predetermined deviation value APa is 
decreased when the desired fuel pressure is lower. By 
adjusting the predetermined deviation value APa in this 
way, the control system can accurately detect settle- 

55 ment or unsetrJement of tie fuel pressure. 

[0036] Instead of the diagnostic check in the step S1 5 
shown in Rg. 3, it is possible to perform a diagnostic 
operation by checking the combination of the positive or 
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negative sign of the pressure deviation AP (=tFP-FP) , 
and the positive or negative sign of a deviation (a-i) of 
the feedback correction quantity a from a reference 
value 1. In this case, the control system performs the 
feedback fuel pressure control, but the control system 
does not perform the correction (or modification) of the 
basic fuel injection quantity Tp based on the sensed fuel 
pressure, 

[0037] When the fuel pressure sensor 20 is abnormal, 
and the sensed value is stuck to an upper or lower limit 
value, the pressure deviation AP (=tFP-FP) is persist- 
ently held negative or positive, and the feedback fuel 
pressure control based on this erroneous sensed fuel 
pressure causes a decrease or increase of the actual 
fuel pressure. In response to the decrease or increase 
of the actual fuel pressure, the feedback air fuel correc- 
tion quantity a is increased or decreased to restrain 
changes in the fuel injection quantity, and the deviation 
(a-1) becomes positive or negative. Therefore, the con- 
trol unit 1 7 judges that there is an abnormal condition to 
fix the sensed value of the fuel pressure sensor 20 to 
the upper limit value when the pressure deviation (tFP- 
FP) is negative and the deviation (a-1) is positive. When 
the deviation (tFP-FP) is positive and the deviation (a-1 ) 
is negative, the control unit 17 judges that there arises 
an abnormal condition fixing the sensed value of the 
fuel pressure sensor 20 to the lower limit value. 
[0038] If, on the other hand, the control duty DUTY for 
the high pressure regulator 16 is fixed to the opening 
valve side, the actual fuel pressure FP decreases below 
the desired fuel pressure tFP and the deviation (tFP-FP) 
becomes positive. In response to this decrease in the 
actual fuel pressure FP, the basic fuel injection quantity 
Tp is decreased, the feedback air fuel ratio correction 
quantity a is increased and the deviation ) becomes 
positive. 

[0039] If the control duly DUTY is fixed to the closing 
valve side, the actual fuel pressure FP increases above 
the desired fuel pressure tFP and the deviation (tFP-FP) 
becomes negative. In response to this increase in the 
actual fuel pressure FP, the basic fuel injection quantity 
Tp is increased, the feedback air fuel ratio correction 
quantity a is decreased and the deviation (a-1) 
becomes negative. 

[0040] Therefore, the control system judges that there 
is an abnormal condition fixing the high pressure regu- 
lator 1 6 to the opening side when the deviation (tFP-FP) 
is positive and the deviation (a-t) is positive, too. When 
the deviation (tFP-FP) and the deviation (a-t) are both 
negative, the control system judges that there is an 
abnormal condition fixing the high pressure regulator 16 
to the closing side. 

[0041] The fuel pressure sensor 20 of the illustrated 
example produce a voltage signal according to a char- 
acteristic shewn in Rg. 4. The high pressure regulator 
16 varies the controlled fuel pressure in accordance 
with the duty ratio (%) of the solenoid energizing drive 
signal as shown in Fig. 5. 


[0042] Fig. 6 shows, as a more practical example, an 
engine system which is almost the same as tie system 
shown in Fig. 1 . The engine system of Fig. 6 comprises 
a fuel tank (F/TANK), a feed pump (or low pressure fuel 

5 pump) driven by an electric motor, a high pressure fuel 
pump driven by a cam shaft of the engine, a high pres- 
sure regulator for controlling the fuel pressure in 
response to a fuel pressure control signal sent from a 
control unH, at least one fuel injector (F/INJ), and at 

10 least one spark plug, as in the engine system of Rg. 1 . 
A crank angle sensor has a unit for producing a POS 
signal to signal each unit crank angle, and a unit for pro- 
ducing a REF signal for signaling each angular dis- 
placement of a predetermined crank angle. Rg. 6 

is further shows an injector drive unit (INJ DAJ) for driving 
tie fuel injector, an accelerator pedal (A/PEDAL) oper- 
ated by a driver of the vehicle, an accelerator position 
sensor for sensing a depression degree of the acceler- 
ator pedal, an electronically controlled throttle valve unit 

20 for controlling the intake air quantity; an air cleaner 
(A/CLNR), an air flow meter (AFM), and an sensor. 
The control unit performs the control and diagnostic rou- 
tines of Rgs. 2 and 3 in the same manner as the control 
unit17ofRg. 1, 

6 [0043] The engine system of Fig. 1 (or Rg, 6) can be 
regarded as a control system as shown in Rg. 7, 
[0044] A section 101 is an input section for measure- 
ment of an actual fuel pressure (FP) supplied to a fuel 
injector for an engine. The section 101 corresponds to 

30 the step S2, The pressure measuring section 101 may 
comprise the fuel pressure sensor 20. 
[0045] A pressure controlling section 1 02 produces a 
feedback fuel pressure control signal to reduce a pres- 
sure deviation of the sensed (or measured) actual fuel 

36 pressure (FP) from a desired fuel pressure (tFP). The 
section 102 corresponds to the step S3. The pressure 
controlling section 102 may comprises a first subsection 
for determining the desired fuel pressure in accordance 
with one or more engine operating condition by receiv- 

40 ing input information from engine operating condition 
sensors, a second subsection for determining a pres- 
sure deviation of the sensed actual fuel pressure from 
the desired fuel pressure by receiving the actual fuel 
pressure signal from the section 101 and the desired 

45 fuel pressure signal from the first subsection, and a third 
subsection for producing the feedback fuel pressure 
control signal in accordance with the pressure deviation 
determined by the second subsection. The first subsec- 
tion corresponds to the step S1, and the second and 

so third subsection correspond to the step S3. 

[0046] An abnormality detecting section 103 detects 
abnormality in the fuel system of the engine by monitor- 
ing a settling condition of the actual fuel pressure 
toward the desired fuel pressure. The abnormality 

55 detecting section 1 03 corresponds to the steps Si 1 and 
S1.2. 

[0047] A richer combustion mode effecting section 
104 functions to cause a combustion changeover to a 
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richer combustion mode such as the homogeneous sto- 
ichiometric combustion mode if the abnormality is 
detected and the engine operation is not in the richer 
combustion mode. Preferably, the richer mode effecting 
section 104 causes a feedback stoichiometric air fuel 
ratio control of a homogeneous stoichiometric charge 
combustion mode to be performed if the abnormality is 
detected. The section 104 corresponds to the step S13. 

[0048] A diagnosing section 1 05 judges whether the 
abnormality is attributable to the pressure measuring 
section 101, by monitoring a parameter, such as a devi- 
ation of the air fuel ratio, indicative of control behavior of 
the feectoack stoichiometric air fuel control in the homo- 
geneous stoichiometric combustion mode. The section 

105 corresponds to the steps S15~ S17. 

[0049] The control system may further comprise one 
or more of the following sections, as shown in Fig. 7. 
[0050] An output section or output device 1 06 receives 
the result of the diagnosis from the section 105. The 
output section 106 may be in the form of a warning indi- 
cator or warning device for providing visible or audible 
warning message about the result of the diagnosis of 
the section 105. Alternatively, or in addition to the warn- 
ing device, the output section 106 may comprise one or 
more components forming a fail-safe system or another 
engine or vehicle control system for controlling the 
engine or vehicle so as to adapt the engine or vehicle 
operating conditions to the abnormal condition deter- 
mined by the section 105. Moreover, the output section 

106 may comprise a memory device for storing informa- 
tion about the result of the diagnosis supplied from the 
section 105, 

[0051] An actuating section 108 varies or regulates 
the fuel pressure in response the fuel pressure control 
signal delivered from the fuel pressure controlling sec- 
tion 102. In the example of Rg. 1, the actuating section 
108 conprises at least the high pressure fuel regulator 
16. The actuating section 108 corresponds to the step 
S4. For example, the actuating section 108 comprises 
the high pressure regulator 1 6, or only the duty solenoid 
of the high pressure regulator 1 6, or the combination of 
the high pressure pump and regulator 1 4 and 16. 
[0052] An input section 110 comprises one or more 
engine operating sensors and collects input information 
about one or more engine operating conditions to deter- 
mine engine operating parameters indicative of engine 
load and engine speed, for example. The input section 
1 10 may comprise one or more of the crank angle sen- 
sor, the accelerator position sensor, and the air flow 
sensor. 

[0053] A combustion control section 1 12 is for control- 
ling the combustion in the engine in accordance with the 
input information collected by the input section 1 10 and 
the fuel pressure measuring section 101 For example, 
the combustion control section 112 changes over the 
engine combustion mode between a first combustion 
mode and the homogeneous stoichiometric combustion 
mode by changing a desired target fuel/air ratio (or a 


desired target equivalent ratio) in accordance wHh the 
engine operating parameters. The first combustion 
mode may be a stratified charge combustion mode, or a 
homogeneous lean combustion mode or some other 
5 lean combustion mode. Specifically, the control section 
1 12 serves as a lambda controller for feedback-control- 
ling the fuel air ratio of the air fuel mixture supplied to, or 
produced in, the engine. 

[0054] A section 1 14 comprise one or more actuators 
10 for varying the fuel air ratio, and for achieving a combus- 
tion changeover between a first combustion mode such 
as the stratified charge combustion mode and a second 
combustion mode such as the homogeneous charge 
combustion mode by changing the fuel injection quan- 
15 tity, the Intake air quantity and the injection timing, for 
example. 

[0055} If the actual fuel pressure is not settled down to 
the desired fuel pressure, the control system of Rg, 7 
according to the present invention judges that an abnor- 

zo mal condition has occurred in the fuel pressure sensor 
or in the fuel pressure control system, and changes over 
the engine combustion mode to the richer combustion 
mode, such as the homogeneous stoichiometric change 
combustion mode, in which the feedback air fuel ratio 

s control is performed to a richer ratio level. By changing 
ever the combustion mode from the leaner combustion 
mode such as the stratified charge combustion mode or 
the homogeneous lean combustion mode, to the richer 
combustion mode such as the homogeneous stoichio- 

30 metric mode, the control system can protect stable com- 
bustion against abnormality. 
[0056] When the deviation of the sensed actual air fuel 
ratio from the desired richer ratio such as the stoichio- 
metric ratio during engine operation in the richer mode 

as such as the homogeneous stoichiometric mode is large, 
the control system judges that there is a malfunction in 
the fuel pressure sensor. Abnormality in the signal of 
the fuel pressure sensor makes the calculation of the 
fuel injection quantity inadequate, and hence increases 

40 the deviation of the air fuel ratio. If, on the other hand, 
the deviation of the air fuel ratio is small or null, then the 
control system judges that there is a malfunction in the 
fuel pressure control system. 
[0057] The present invention is advantageous when 

45 applied to an in-cylinoer direct injection engine in which 
higher fuel pressure is needed for the stratified combus- 
tion mode injection on the compression stroke, and the 
feedback control of the fuel pressure is important to 
adapt the fuel pressure to a desired fuel pressure vary- 

so ing in dependence on engine operating conditions. 
However, the present invention is not limited to the in- 
cylinder direct injection engine, The present invention is 
also applicable to a lean burn engine, for example. 
[0058] The present application is based on a Japa- 

55 nese Patent Application No. 9-232007. The entire con- 
tents of Japanese Patent Application No. 9-232007 with 
a filing date of 28 August 1997 are hereby incorporated 
by reference. 
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Claims 

1 . A diagnostic control method for detecting malfunc- 
tion in a fuel system for a fuel injection type internal 
combustion engine, the method comprising ; s 

a pressure sensing step of sensing an actual 
fuel pressure with a fuel pressure sensor; 
a pressure controlling step of performing a 
feedback fuel pressure control to reduce a 10 
pressure deviation of the actual fuel pressure 
sensed by the fuel pressure sensor from a 
desired fuel pressure; 

an abnormality detecting step of detecting 
abnormality in the fuel system by monitoring is 
the actual fuel pressure; 
a rich combustion mode effecting step of effect- 
ing a feedback air fuel ratio control in a prede- 
termined rich combustion mode if the 
abnormality is detected; and so 
a diagnosing step of judging whether to 
attribute the abnormality to the fuel pressure 
sensor, by monitoring performance of the feed- 
back air fuel control in the rich combustion 
mode. £5 

2. The diagnostic method according to Claim 1 
wherein the predetermined rich combustion mode 
is a homogeneous stoichiometric charge combus- 
tion mode, the pressure sensing step is carried out 30 
by sensing the actual fuel pressure in a fuel delivery 
passage for supplying fuel from a fuel pump to a 
fuel injector, the abnormality detecting step is car- 
ried out by checking whether the sensed fuel pres- 
sure is settled down to the desired fuel pressure 35 
and judging that the abnormality exists when the 
sensed fuel pressure is not settled down to the 
desired fuel pressure, and the diagnosing step is 
carried out by discriminating a malfunction in the 
fuel pressure sensor from a malfunction nonattrib- 40 
utable to the fuel pressure sensor in accordance 
with a ratio deviation of an actual air fuel ratio from 

a theoretical air fuel ratio. 

3. The diagnostic method according to Claim 1 45 
wherein the abnormality detecting step Is carried 
out by monitoring the pressure deviation of the 
actual fuel pressure from the desired fuel pressure, 
and the diagnosing step is carried out by monitoring 

a signal produced in the feedback air fuel ratio con- so 
trol 

4. The diagnostic method according to Claim 3 
wherein the rich combustion mode is a homogene- 
ous stoichiometric charge combustion mode and ss 
wherein the diagnosing step is carried out by moni- 
toring a control parameter which is one of a ratio 
deviation of an actual air fuel ratio from a desired air 


fuel ratio of the rich combustion mode and a feed- 
back correction quantity of the feedback air fuel 
control. 

5. The diagnostic method according to Claim 4 
wherein the rich combustion mode effecting step is 
carried out by forcibly changing over engine opera- 
tion from a lean combustion mode to the homoge- 
neous stoichiometric combustion mode if the 
abnormality is detected. 

6. The diagnostic method according to Claim 5 
wherein the lean combustion mode comprises a 
stratified charge combustion mode. 

7. The diagnostic method according to Claim 4 
wherein, in the abnormality detecting step, an 
abnormality signal indicating abnormality in the fuel 
system is produced when the pressure deviation of 
the sensed fuel pressure from the desired fuel pres- 
sure remains outside a predetermined normal 
range for a time duration equal to or longer than a 
predetermined time length. 

8. The diagnostic method according to Claim 7 
wherein the abnormality detecting step comprises a 
step of comparing the pressure deviation with a 
predetermined deviation value to determine 
whether the pressure deviation is outside the nor- 
mal range, and the predetermined deviation value 
is varied in accordance with the desired fuel pres- 
sure. 

9. The diagnostic method according to Claim 4 
wherein the diagnosing step comprises a step of 
producing a first warning signal indicative of mal- 
function in the fuel pressure sensor when the feed- 
back correction quantity of the air fuel ratio control 
is fixed to one of predetermined upper and lower 
limit values, and otherwise producing a second 
warning signal indicating that the abnormality is not 
attributable to the fuel pressure sensor. 

10. The diagnostic method according to Claim 4 
wherein the diagnosing step comprises a step of 
determining whether the pressure deviation is posi- 
tive, and whether a correction quantity deviation of 
the feedback correction quantity from a predeter- 
mined reference value is positive, and producing a 
first warning signal when one of the pressure devi- 
ation and the correction quantity deviation is nega- 
tive and the other of the pressure deviation and the 
correction quantity deviation is positive, and a sec- 
ond warning signal when the pressure deviation 
and the correction quantity deviation are both posi- 
tive, and when the pressure deviation and the cor- 
rection quantity deviation are both negative. 
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11. A diagnostic control system for detecting malfunc- 
tion in a fuel system for a fuel injection type internal 
combustion engine, comprising: 

a fuel pressure sensor for sensing an actual 
fuel pressure for the engine; 
a pressure controlling section for performing a 
feedback fuel pressure control to reduce a 
pressure deviation of the actual fuel pressure 
sensed by the fuel pressure sensor from a 
desired fuel pressure; 

an abnormality detecting section for detecting 
abnormality in the fuel system by monitoring 
the actual fuel pressure; 
a rich combustion mode effecting section for 
effecting a feedback air fuel ratio control in a 
predetermined rich combustion mode if the 
abnormality is detected; and 
a diagnosing section of judging whether the 
abnormality is attributable to the fuef pressure 
sensor, by monitoring performance of the feed- 
back air fuel control in the rich combustion 
mode. 

12. The diagnostic control system Becoming to Claim 

1 1 wherein the rich combustion mode is a homoge- 
neous stoichiometric charge combustion mode, the 
abnormality detecting section monitors the pres- 
sure deviation of the actual fuel pressure from the 
desired fuel pressure and produces an abnormality 
signal indicating abnormality in the fuel system 
when the pressure deviation of the sensed fuel 
pressure from the desired fuel pressure remains 
outside a predetermined normal range for a time 
duration equal to or longer than a predetermined 
time length, and the diagnosing section monitors a 
control parameter which is one of a ratio deviation 
of an actual air fuel ratio from a theoretical air fuel 
ratio and a feedback correction quantity of the feed- 
back air fuel control, 

13. The diagnostic control system according to Claim 

12 wherein the diagnosing section produces a first 
warning signal indicative of malfunction in the fuel 
pressure sensor when the feedback correction 
quantity of the air fuel ratio control remains outside 
a predetermined normal range one-sidedly for a 
duration equal to or longer than a predetermined 
time length, and otherwise producing a second 
warning signal indicating that the abnormality is not 
attributable to the fuel pressure sensor. 

14. The diagnostic control system according to Claim 
12 wherein the rich mode effecting section forcibly 
changes over engine operation from a lean com- 
bustion mode to the homogeneous stoichiometric 
combustion mode when the abnormality is 
detected, and wherein the system further com- 


prises an output device for receiving the first and 
second warning signals, and wherein the output 
device is a warning indicator. 

5 15* The diagnostic system according to Claim 12 
wherein the fuel pressure sensor is arranged to 
sense the fuel pressure in a fuel delivery passage 
for supplying fuel under pressure from a high pres- 
sure fuel pump to a fuel injector for injecting fuel 

10 directly into a combustion chamber of the engine. 

1 6* An engine system comprising: 

an internal combustion engine; 

75 a fuel system comprising a fuel injector for sup- 

plying fuel to the engine, and a fuel pump for 
supplying the fuel under pressure to the fuel 
injector through a fuel delivery circuit; 
a first input device for producing a first input 

so signal representing a sensed actual fuel pres- 

sure in the fuel delivery circuit; and 
a controller for performing afeecfeackfuel pres- 
sure control to reduce a pressure deviation of 
the sensed actual fuel pressure from a desired 

as target fuel pressure (tFP), for detecting abnor- 

mality in the fuel system by monitoring the 
pressure deviation, for commanding a change- 
over of combustion in the engine from a lean 
combustion mode to a rich combustion mode to 

30 effect a feedback air fuel ratio control if the 

abnormality is detected, and for judging 
whether the abnormality is attributable to the 
fuel pressure sensor, by monitoring a feedback 
correction quantity of the feedback air fuel con- 

35 trol in the rich combustion mode. 

17, The engine system according to Claim 16 wherein 
the rich combustion mode is a homogeneous stoi- 
chiometric combustion mode, the system further 

40 comprises a second input device for producing a 
second input signal representing an engine operat- 
ing condition of the engine, and a third input device 
tor determining an actual air fuel ratio ofthe engine, 
and the controller is configured to change over an 

45 engine operating mode between the first combus- 
tion mode and the homogeneous stoichiometric 
charge combustion mode in accordance with the 
engine operating condition by controlling the fuel 
injection system, and to perform a feedback stocchi- 

so ©metric air fuel ratio control to reduce a ratio devia- 
tion of the actual air fuel ratio from a theoretical air 
fuel ratio toward zero when the engine is operated 
in tie homogeneous stoichiometric mode, and 
wherein the first combustion mode is a stratified 

ss charge combustion mode. 

1& The engine system according to Claim 1 7 wherein 
the fuel system comprises the fuel injector for 
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injecting the fuel directly into a combustion cham- 
ber of the engine, the fuel pump which is a high 
pressure pumpdriven by the engine, a high pres- 
sure regulator for regulating the fuel pressure sup- 
plied to the fuel injector in response to a pressure s 
control signal produced by the controller, a fuel 
tank, a low pressure fuel pump driven by an electric 
motor, tor supplying the fuel from the tank to the 
high pressure pump. 

10 

19. The engine system according to Claim 17 wherein 
the controller produces a first warning signal indica- 
tive of malfunction in the fuel pressure sensor when 
the feedback correction quantity of the feedback 
stoichiometric air fuel ratio control remains outside is 
a predetermined normal range on one side of tie 
predetermined normal range for a time duration 
equal to or longer than a predetermined time 
length, and otherwise the controller produces a 
second warning signal indicating that the abnormal- 20 
By is not attributable to the fuel pressure sensor, 
and wherein tie system further comprises an out- 
put device for receiving the first and second warn- 
ing signals. 

26 

20. The engine system according to Claim 19 wherein 
the output device comprises a warning indicator for 
providing perceptible diagnostic message in 
response to one of the first and second warning sig- 
nals, 30 
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